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PROCESS FOR THE PREPARATION OF RISPERIDONE 



Background of the Invention 

5 Risperidone is a new serolonin/dopamine anlagontsl belonging to a new class, 
the bendsoxazole.The stnjcture of risperidone is shown in Formuia -1 11 is used 
for the treatment of schizophrenia and psychotic disorder. 



Description of the Prior Art 
10 Risperidone was first disclosed in US-A-4«804,663, according to vdiich it may be 
prepared by the condensation of the ben;dsoxazole compound of Formula - 2 
6-fluoio-3-(4-piperidlnyl)-1^4)enzisoxaz<:rie in its free base form and the 
tetnahydropyrimidine .compound 3-(2K5hloioethyl)^ J3,Q-tetrahydio-2-methyl-4H- 
pyrido-{1,2-a}pyrimtdin-4-one of Formula * 3 in its hydiodiloride salt form, in the 
IS presence of sodium cartxinate as a base (condensing agent) and potassium 
iodide as a catalyst In dimethytformamlde (DWIF) medium (Scheme-1X followed 
by standard worK«4ip to get crude Risperidone, v^ich is recrysfallized in a mixture 
of dimeth^ormamalde and isopropyl alcohol to get pure TOsperidone with an 
overall yield of 46%. 





Benzisoxazble 
Formula- 2 



Tetrahydropyrlmldlne 
Formula - 3 
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WO-A-02/14256 and WOA-02/12200 disclose another process for producing 
risperidoae. in which the condensation of the internnediates of Formula - 2 and 
Formula 3. in -Iheir free base forms, is carried out in isopropyl alcohol or 
meth^elhytlielone ^ solvent . medium* using sodium carbonate as a base 
(condensing agent). The overall yield as described here is 60%. 

Recently, WO-A-01/1 85731 describes a process for producing risperidone 
starting from the same two intennediates of Formula - 2 and Formula - 3, as free 
base, in ttie presence of sodium carbonate (condensing agent), bul in water 
medium. Risperidone precipitates as a solid and is filtered and crystallised from 
dimethylformamide. The overall yield as described here is 65%. 

The benzisoxazole of Fomriula - 2, 6-fluoro-3- (4-piperidinyl)-1*2-*en2isoxazole 
and tetrahydropyrimidine of Formula — 3, 3-(2K*iloroethyl)-6,7,8,9-tefrahydro-2- 
meth^-4H-pyrido-{1 »2-a}pyrimtdin-4-one are basic nitrogen heterocydic 
derivatives 0iat are solids vMi tow melting points. These tv^o internnediates, tn 
particular the tetrahydropyrinrddtne of Formula - 3, are not stable, on account of 
U)eir suscepl&ilify to aerisd oddafion. Therefore, these intennediates ate usually 
isolated as add addition salts, and are purified and stored as their acid addition 
salts, for example their hydroditoride salts. According to the above prior ari: 
processes, these acid addition salts have to be converted to the free base forms 
from the hydrochloride salts, before being subjected to condensation. These 
steps Involve additional operations, which consume fime and enengy. Also, It Is 
observed tiiat impurities are formed while peribmning ttie set«fnee said 
hydrochloride. 

The present Invention addresses ttiese drawbacks and provides a simple and 
efficient process for producing risperidone from the stable hydrochloride salts of 
. the two intermediates of Formula - 2 and Formula - 3, Advantageously, the 
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present invention allows risperidone to be produced by an easily operated 
process with mininnal operation steps and a reduced eftiuent load. 

Summaty of the Ijivenfion 
5 Accordingly, the ptesenl invention provides a process for the preparalfon of 
risperidone of Formula - 1: 




N-O 



Formula -1 

V whid^ process comprises reacting, in a condensation reaction, 64luoio-3^4- 
10 piperidiny1>-1 ^-benzlsoxazole monohydrochloride of Fonnuia -2 with 3-(2- 
^ chioroethyl)^.7.8,94etrahydro^2-TOethyl-4Hi>yridoI1,^^^ 
monohydrochloride of Formula - 3 : 




15 

In a first embodiment, the condensation reaction Is earned but in the presence of 
a base (condensing agent), in a scdvent roedium of water» one or more water- 
mtscible solvents or a mbdure of water and one or more water-^misdhle solvents, 
and the process comprises: 

20 

a) canying out the condensa^gn reaction at a temperatmre in fiie range ifm 
25to90X; 
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(b) after completion of the condensation reaction, diluting the condensation 
reaction mass with iceHcold waler to precipitate risperidone; 

<c) filtering and jdrying the precipitated risperidone to obtain crude risperidone; 
and 

(d) crystallizing the audt risperidone in an aqueous sdvent 1o i^oduce pure 
risperidone. 

In a second embodinierit. the condensation reaction is canied out in the 
presence of a t>ase (condensing agent), in a solvent medium of wafer* cme or 
more water-mlscitrie so] vents or a mi)dure of water and one or more water- 
mlsclble solvents, and the process comprises: 

a) carrying out the condensation reaction at a temperature in the range from 
25to90*C; 

<b) alter Gotnptetionol the coi)densationreadion.tiieniead]'on mass is 

cocded to room temperature and dilufir^ the condensation reaction mass 
wth water to pr^pltate lisperkione; 

(c) extracting the pred|:^ted risperidone of step (b) with a water>lmmiscibie 
solvent; 

(d) option^y aubjet^ng the wateF>4mmi8c^l^ solvent ejcbact to add-base 
worlc-up followed by extraction witii a water>4mmiscil:4e solvent; 

(e) concentrating the extract resulting from step (c) or q}tionai step (d) under 
reduced pressure to produce crude risperidone; and 
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(0 cfystallizlng the amde risperidone in an aqueous solvent to produce pure 
risperidone. 

Detailed Description of the Invention 
5 According to the first pari of the process of the invention, the inlennediates of 
Fonnula - 2 and Fonnula - 3. as their hydrochloride salts, are used for the 
condensation reaction, to fonn risperidone according to tt»e Sdieme 1: 




10 • 1 

Scheme 1r 

The condensation reaction is carried out in a solvent litedium. The solvent 
medium may be water or one or more water-miscitde tiiganic soivente. or a 
15 mixture of water and one w more water-miscSde ixganic solv^Us. Preferably, 
the sotv^ me(Sum Is water or a mixture of water and acetonlbile. Most 
prefeiaMy. the solvent medium Is a mixture of water and acetonitrile. 

The base (condensii^ BQent) used acccHtlir^ to the present invention may be an 
20 inorganic salt sut^ as the cart>onate, bicaibonate or hydroxide of an alkali metal 
or alkaline earth metal. Pretoned as base is sodium cartionate cm- potassium 
carbonate, and most prefened as base Is sodium cartranate. 

The mole laUo of the base (condensing agent) with respect to the hydrochloride 
25 salt of the compound of Formula - 2 may be from 2.0:1 to 6.0:1, and more 
preferably Is from 4.0:1 to 4:6:1 . Most preferably, the ratio is 4,3:1 , 
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The condensation reaction is earned out according to the present Invention by 
dissolving or suspending both of the reaclanls and reagenl in the solvent 
med}um.>The sequence of addition of the reactants and reagent Is very important. 
The most prefen-ed sequence Is to dissolve or suspend tt)e base (condensing 
agent) in a solvent medium as described above (preferably waier or acetonitrile. 
more preferably acelonitrile). and then to add to this the hydrochloride salt of the 
compound of Formula - 2. The hydrochloride sail of the compound of 
Formula - 3 is dissolved In a solvent medium as described above (preferably 
water) and added to the reaction mixture. 

Preferably, the solution of tiie hydrochloride salt of the compound of Formula - 3 
is added over a period of 1 to 5 hours, ancl the most preferably is edded over a 
period of 4 to 5 houts. The slow addition of the solution of the hydrodiloride of 
flie compound of Formula - 3 to the reaction mixture is to avoid the 
decomposition of the intermediate of Formula - 3 und^ the reacSon conditions, 
and thus enhances the yield and quality of the product risperidone. 

The temperature of the reaction mixture during the addition of tiie solution of the 
hydrodiloride satt of the compound of Formula - 3 Is maintained in the range 
from 25 to The temperature of the solution of the hydnochloride salt of the 
compound of Formula - 3 t^ing added is also preferably maintained in ^is 
temperature range. 

Thus, the condensation reaction is carried out at a temperafeire in Vne range from 
25 to 90**C, preferably in ttie range fpom 40 to 90X, and more preferably in the 
range from 50 to 75*C, 

After ttie completion of the addition of tiie solution of the hydrochloride salt of tiie 
compound of Formula - 3 ttie reaction mixture Is maintained in the range from 25 
to preferably In the range from 40 to 90*C, and more preferably in the 
range from 50 to 75X, for an additional 2 to 10 hours, and preferably for an 
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additional 4 to 8 hours. Most preferably the reaction mixture is stirred at the 
same temperature as that of the reaction mixture during the addition of the 
solution of ihe hydrochloride salt of the compound of Formula - 3, for the 
additional hours* 

Finally the product is isolated by standard wori(-up, preferably by worlcHjp (i) or 
(ii) as explained further -beloWt and crystallised to produce pure risperidone as a 
crystalline solid: 

(I) A typical work-up may comprise of diluting the reaction mixture with Ice- 
cold water to precipitate risperidone, filtering and drying the precipitated residue 
to obtain cnide risperidone. 

(ii) Aifemafively, the reaction mixture is cooled to room temperature and 
diluted vMi water to precipitate risperidone, and the predpitated risperidone is 
then extracted with a water4mmisdbte organic solvent sudi as methylene 
dichloride (i.e. dichloromethane), ethylene diioride, dichloroethane, eth^ acetate, 
toluene, benzene or chloroform, preferably mefii^ene dichloride, to produce an 
organic extract The organic 6)dract is then woriced up according to Method A or 
Method B explained tielow: 

According to Method A, the organic extract (preferably methylene dichloride) is 
washed with water, treated with activated carbon, and finally concentrated under 
reduced pressure to obtain crude risperidone. 

According to Method B, the organic extract (preferably methylene dichloride) Is 
purified by typical acid-base woric-up, preferably as follows: The oiganic extract 
(preferably metinylene dichloride) is extracted wltii aqueous acid such as 10-25% 
aqueous acid, preferably 10-15% aqueous acid, for example fomilc acld» acetic 
acid, hydrochloric acid, hydrobromic add or tartaric acid. Preferred is 10-15% 
aqueous hydrochloric acid. The aqueous acidic extract Is optionally, but 
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preferably, washed with organic solvent suqh as toluene, methylene dichloride^ 
dichioroethand or ethyl acetate, or nnixlures thereof, preferably .methylene 
dichloride. The aqueous acidic extract is cooled to and the pH adjusted 

to 8-9 at 1&'25''C^'by, addition of a base such as aqueous sodium or potassium 

5 hydroxide, aqueous sodium or potassium carbonate or bicarbonate, or liquor 
ammonia solution. Most preferred as base is liquor ammonia solution. The 
resulting reaction mixture is extracted with a water-immiscible organic solvent 
such as methylene dichloride. efliylene chloride or chloroform* preferably with 
methylene dichloride. The organic (preferably methylene dichloride) extract is 

10 washed with water, treated wiOi activated carbon and finally concentrated under 
reduced pressure to obtain crude risperidone woriced up according to ftAethod B. 

Then, the crude risperidone obtained from wori^-up (i) or from Method A or B in 
WorkHJp (fi) is crystallised in an aqueous solvent, preferably &-20% aqueous 

15 r solvent, selected from aqueous acetone, aqueous methyl ethyt ketone, aqueous 
/ methyl Isobutyl ketone* aqueous acetonitrile and aqueous dimeth^fonnamide, 
preferably aqueous acetone, especially 10% aqueous acetone, fo produce pure 
risperidone as a crystalline solid. By this mettiod, it is possible to obtain directly a 
phamnaceutically acceptable grade of risperklone, for example having purity 

20 greater than 99% (as-determined by HPLC). 

The crystalUsation is carried out in knovm manner, for example by dissolving the 
crude risperidone in the aqueous solvent at 50-70° to produce a dear solution, 
treating the solution witii activated cartx>n, filtering, cocking to and then 
2S separating the pure risperidone by filtration. 

When crystallised from an aqueous ketonic solvent selected trom aqueous 
acetone, aqueous metiiyl etiiyi ketone and aqueous metiiyi isobutyl ketone, 
crystalline risperidone is obtained having a polymorphic form identical to that of 
30 'risperidone obtained from the inventors' recrystallizing process as disclosed in 
US patent No US 4,804,663 I.e, crystallization from IPA / DMF mixture. This is 
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confirmed by the X-ray d'rffradlon (XRD) analysis as shown in Figure - 1. This 
polymorphic form Is designated as Forni B in US-A-2002/01 16672 (Mayers) and 
as Fonn A In WO-A-;02/12200 (Teva). As shown by Figure 1, this polymorphic 
fonn has peaks al^bout 6.956, 10.630. 11.410. 14.188. 14.794. 15.428, 16.377, 
18.453, 18.875, 19.750. 21.309. 22.121. 22.427, 23.152. 23.477. 24.303, 25,77, 
27.507, 28.328. 28,'.965, 32.262, 33.005, 33.622, 38.488. 39.585. 42.705, 43.404 
and 45.059 ± 0.2 degrees two theta. 

Risperidone base, thus crystallized, may be converted to phannaceullcally 
acceptable non-toxic acid addition satts such as hydroditoride, tartrate or 
palmate salts, by conventional methods. 

The benzisQ)cazole compound of Fonnuia -2 is preferaldy prepared according to 
the procedure described in the US-A-4.355,037. 

The tetrahydtopyrimidlne compound of Formula - 3 Is preferably prepared by 
hydrogenation of the corresponding pyrimidine derivative 3-(2-chloroethyl)-2- 
melhyl-4H-pyrido[1,2,a]pyrimidin-4-one. preferably in methanol using a Raney 
nickel catalyst according to Scheme -2. 



f^^y^ Raney nickeVH2| f^^^-^ 

|Fonnula-3HCi] 

Scheme 2: 
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The preferred hydrogenation reaclion lemperalure Is 28-35°C. arid preferred 
hydrogen pressure 70-80 psi. The pyrimldine derivaUve itself prepared according 
to known procedures by the condensation of 2-aminopyridlne with 2- 
acetylbutyrotactong. 

5 

The present invention is further lliustrated by the following non-llmlting 
experimental examples: 

EXAMPLES: 

10 Experimental details for preparation of risperidone 
Example 1: Condensation reaction in water medium 

. 6-Fluoro-3-(4-piperidinyl)-1^4)enzisoxazo1e hydrochloride (Fonnula - 2.HCI. 
, lOOg) Is added to a solution of sodium carbonate(180g) in 400nrd wader at 25- 
15 ^'C. Slowly the reaction mass is wanned to 50-55*C and then a solution of 3- 
; (2--chloiDethyl)-6,7.8.9--tetrahydro-2--raethyMI+pyrido[1 ^-a]pyrimldln-4-one 
hydrochloride (Fonnula - ZMCi, 150g> in water (300m)) is added gradually over a 
period of 5 hours at 50-55**C. The reaction n^s temperature is maintained 
ftirther for another 4 liourB. The reaction mass is cocked to room temp^ature^d 
20 diluted with C200ml) water the precipitate d^eridone is separated by fittrafion, 
washed vnth water (50n4 ) and dried to get cmde dspeiMone. 
Crude risperidone weight ^ 1 35gm 
Purity==S0-95% ( HPLC) 

Example 2: Condensation reaction in water medium 

25 

64=luoro-3-(4-piperidinyi}-1.24>enzisoxa2ole hydrochloride (Fonnula - 2.HCI, 
lOOg) is added to a solution of sodium caTt>onate(180g) in 400mt water at 25- 
30X. Slowly file reaction mass is warmed to SO-SS'C and then a solution of 3- 
(2--chloroethyl)-6,7.8,9-tetrahydro-2--methyl-4H-pyridoI1,2-alpyrimidln-4-one 
30 hydrochloride (Fonnula - 3.HCI, 1 50g) in water (300ml) is added gradually over a 
period of 5 hours at 50-55^C.. The reaction mass temperature Is rnaintalned 
ftirther for another 4 hours. The rBacSon mass Is cooled to room temperature and 
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diluted vi'tth (200ml) water the precipitated risperidone is e)dracled with 
dichloromethane (3x4 50ml). The dichloromethane ejdract Is used for further 
work-up according to Method A or Method B, as given below to gel cmde 
risperidone 

Example 3: Condensation reaction in mixture of water and water*miscible 
solvents 

6-Fluoro-3-<4i3iperidinyl)-i;2 benzisoxazote hydrochloride (lOOg) is added to a 
suspension of sodium carbonate (180g) in acetonifrile (500ml) at ZS-SCC. 
Slowly, the reaction mass is wanned to 70-75X and then a sdution of 3-(2- 
chiofoethy!)-6.7 A9-4efrahydro-2-HnethyI--4l+pyrido[1 ^^lpyrimldln-4-one 
hydrochloride (1 lOg) in wafer (20Dml) is added gradually over a period of 4 hours 
at 70-75*0. The reaction mass is maintained at the same temperature for an 
additionat 4 hours. The reaction mass is tiien cooled to room temperature and 
diluted water (500ml). Hie resulting mixtuie Is extracted wfth 
dicMoiomethsuie (3x450mi). The dict4orome&iane &6rac!t is wtnlced up as 
e}q3lained for M^od A in Example 1 to produce cmde risperidone 

MettiodA: The dichiorom^ane extract is washed wfth 2x15(tanl of water, 

treated with activated carbon, and ccmcentiated under reduced pressure to 

produce crude rfeperidone. 

Crude risperidone: 190-200g 

Purity: -«5-90% (HPLC) 

Method B: The dichloromethane extract is extracted with aqueous dilute 
hydrochloric acid (10%). The aqueous extract is washed With dichloromethane 
(200ml) and ba^ed Vft&i aqueous ammonia to pH 8.5-9.0. The aqueous mass is 
extracted with dichloromethane (3x450ml), and the dichloromethane extract is 
vrashed with water, treated with acQvated cari)on and then concentrated under 
reduced pressure to produce crude risperidone. 
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Crude risperidone: 180-190g 
Punly: ~87>92%(HPLC) 
£xampt^ 4; Purification of crude risperidone 

A) from 10% "aqueous acetone! 

Risperidone crude (100 g) is dissolved in 10% aqueous acetone {700ml) at 50- 
SSX, then treated wftli 10% acUvated carbon and filtered. The dearfiHiate is 
gradually cooled to 0-5-C over a period of 4-5 houra . The ciystallized risperidone 
Is separated by filtration and washed with chilled 10% aqueous acetone followed 
by dtykiQ si 60-55'C under vacuum to get pure risperidone. 
Pure risp^tme: TS-BOg 
Purity: >99%(HPLC) 
B> FrcOTi 10 % aqueous acetonitrilR: 

Risperidone ciude (100 g) is dissolved in 10% aqueous acetonitrile (500ml) at 
eB-ro-C, then treated with 10% acfivated carijon and filtered. The dearfilirale is 
gradually cooled to O-S^C over a period of 4-5 hours. The ciystallized risperidone 
is separated by filtration and washed with chilled 10% aqueous acetonitrile 
followed by diying at 50-55"C under vacuum to get pure risperidone. 
Puie rispaldone: 80-8^ 
P*M%: >99%(H13LC) 

C> From 10% aaueou^ methvl eftwl ketone- 

Risperidone cnjde (100 g) is dissolved in 10% aqueous methyl ethyl Icetone 
(600nd) ates-ro^'C. Ihen treated with 10% activated cart>on and filtered. The 
dear filtiate is gradually cooled to 0-S»C over a period of 4-5 hours. The 
crystaUized risperidone is separated by filtration and washed with chilled 10% 
aqueous methyl ethyl ketone followed by drying at 50-55"C under vacuum to get 
puteii^jaidone. 

Pure lisp^done: 65-70g 
PMrity: >99%(HPLC) 
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PI From 5% aqueous isobutvl methvl ketone: 

Risperidone crude (100 g) is dissolved in 5% aqueous isobulyl melhy! ketone 
(650ml) ai 65-70''C, tfien treated with 10% activated carbon and filtered. The 
clear fiHrale is gradually cooled to 0-5'*C over a period of 4-5 hours. The 
5 cryslallized risperidone is separated by fHlratbn and washed with chilled 10% 
aqueous isobutyl rriethyl ketone followed by drying at 50-55"C under vacuum lo 
get pure risperidone. 
Pure risperidone: 60-65g 
Purity: >99%(HPLC) 




20 



25 



30 
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Crude risperidone Is prepared using the same procedure as described in 
Exaniple-3 , but using different solvent media and temperature as given in 
Table-1 , instead of acetonitrile (500ml) /Water (200ml) at 70-76*C in Example-3, 
in the condensation reaction to get crude risperidone. 
The above isolated crude rispetldone is purified as disclosed in Example -4 
:A,B,C and D. 

The weights, yields & purities of pure risperidone (samples 1-8) are given in 
Table 1: 



SI. 
No 


Solvent Ufi^rl for 

condensation 
reaction . 


wwnncnsaiion 

reaction 
temperature 


weignt 

(g) 


Purity 
(%) 


Yield 
(%) 


1 


Water 


50-55 


121 


99.34 


75.8% 


r2 

y 


WatenDMF 
(1 .0:4.6 vAf) 


5&60 


110 


99.67 


68.76% 


3 


WatenDMF 
(1 .0:7.0 v/v) 


65-70 


120 


99.87 


75% 


4 


WatenlPA 
(1.0:14.0 v/v) 


60-65 


80 


99.67 


50% 


5 


WatenMeOH 
(1.0:30.0 v/v) 


60-65 


80 


99.74 


50% 


6 


WatenACN 
(1.0:4.0 v/v) 


65-70 


135 


99.63 


81.2% 


7 


Ethanol 


65-70 


lis 


99.72 


67.5% 


8 


DMF 


65^70 


60 


98.77 


37.5% 
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Example 5: Preparation of 3'^2-<:hloroethy()-6 J,8»9-4etrahydro-2-methyI- 
4H-pyridoI1,2-a) pyrimidin4H)ne hydrochloride (Formula - 3 
dVPfeparation of 3-f2-chtoroethvlW2-methvl-4H-Dvridof1.2-a1 PViimid}n'4K)ne: 
2-Aminopyridine (lOOg) is added to a solution of toluene (100ml) and phosphorus 

5 oxychloride (365g)' at 0-5*0 and then the temperature js raised to SO-SS^'C. 
2-AcetylbutyroIactone (82g) is added to the mixture at the same temperature. 
The temperature is raised to gO-dS^'C and maintained for an additional 5 hours. 
Additional 2-ace1ylbutyrolactone (82g) is added at this temperature and the 
temperature is further maintained for an addittcmat 9-10 hours: Toluene and ttie 

10 excess phosphorus oxyditoride is then distilled off under reduced pressure and 
the residue Is quenched over ice^Afater mt)dur6. The pH of the resulting aqueous 
mixture is adjusted to 8-9 with liquor ammonia and the predpitated solid is 
extracted didiiorom^ane (3K200mt)* The organic extract Is washed with 
water and then concentrated under reduced pressure to obtain a residue. Hie 

is' residue is triturated with isopropyi alcohol to produce 3-(2-diloioe1hyl)-2- 
methy}-4tipyrido[1 ^*a] pyrimidin-4-one. 

fZVPreparation of 3-<2H:^toroe1hvlV6,7.8.9-tehahvAx>-2--methv^^ 
ail Pvrimldin-4'One hydrochloride flFwmula - 3) 

20 M2"Chloroethy1)-2-4nethyMH-pyrido .2-a]pyTimidin-4-one(100gm) is taken in 
metfianol(500ml) in a pressure ceactor and Flaney nidkel(10g) added to it Hie 
reactor is pressurised with hydrogen at 70 - 80psi and the mixture is sUned at 28- 
SS^'C until tfie hydrogen absorption ceases (approximately alter 6 hours). The 
Raney nickel catalyst is then iiitered. The pl-l of the filtrate is adjusted to 1.&-2L0 

25 concentrated hydrochloric add (SO^ml). A/lettianol is then distalied off under 

reduced pressure and isopropyi alcohol (500ml) is added to the resklue. The 
resulting slurry is cooled to 0-5^C and the precipitated solid is filtered. The solid is 
washed with cold Isopropyi alcohol and dried to produce 3^2-chloroethyl)- 
6.7.8,9-4etrahydro-2--methyMH-pyridol1t2-^]pyrimidin-^ hydrochloride of 

30 Formula - 3, 

Yield: 9Dg 

Purity: >98%(byHPLC) 
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